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Abstract—I1. The effects of pulsatile and continuous intravenous administration of exogenous, pituitary-
derived chicken growth hormone (p-cGH) on lipid metabolism and endocrine/metabolite levels of
broiler-strain pullets were studied.

2. Eight-week-old pullets were administered p-cGH or vehicle over a 10 min period every 90 min for
7 days.

3. Pullets were also administered the same daily amount (123 ug/kg of body weight/day) continuously
for 7 days.

4. Feed intake, body weight gain, in vitro lipogenesis and hepatic enzyme activities were determined
with certain hormones identified with the control of growth.

5. Pulsatile p-cGH administration for 7 days lacked effect on weight gain, feed efficiency, muscle or
bone development.

6. Abdominal fat pad size was decreased (P < 0.05) by pulsatile but not continuous administration of
p<GH. Pulsatile p-cGH administration also decreased (P < 0.05) in vitro lipogenesis. Liver malic enzyme
and isocitrate dehydrogenase activities were increased (P <0.05) by pulsatile but not continuous
administration of p-cGH. In contrast, glutamic oxaloacetic transaminase activity was increased by a

continuous infusion of p-cGH.

7. Plasma concentrations of T, corticosterone and triglycerides were decreased (P < 0.05) by a pulsatile

but not a constant infusion of p-cGH.

8. Plasma T, and GH were increased (P < 0.05) by puisatile p-cGH compared to both a continuous

infusion of p-cGH and the saline controls.

9. This study is the first to prove that in the broiler chicken, the pattern of exogenous p-cGH
administration is a factor influencing in vitro responses to the hormone.

INTRODUCTION

There are few areas in avian growth and development
as controversial as the role of growth hormone (GH)
or somatotropin in regulating lean tissue synthesis.
For example, work from Gibson and Nalbandov
(1966) showed that lean tissue synthesis decreased
and fat tissue synthesis increased in the hypophy-
sectomized chicken. More recent work has described
the same condition in the turkey (Harvey et al., 1977).
The inference of the role of GH on lipid metabolism
in the chicken seems to have sprung from interpret-
ations of the actions in mammals, although some
reports link GH to a stimulation of lipolysis in
chicken adipose tissue (Campbell and Scanes, 1985).
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Growth hormone depresses de novo lipogenesis in pig
adipose tissue (Walton and Etherton, 1986; Walton
et al., 1986) and stimulates lipolysis in rat adipose
tissue (Goodman and Grichting, 1983; Goodman
et al., 1986). The role of mammalian lipid metabolism
probably involves peripheral resistance to the actions
of insulin accompanying GH therapy rather than to
an effect of GH per se. It can be implied that fat
synthesis accompanies normal fat cell metabolism
in adipose tissue (Rosebrough and Steele, 1986).
Thus peripheral resistance results in an inhibition of
glucose transport-phosphorylation and a decrease in
certain enzymes required for the support of de novo
lipogenesis. Of particular importance is a recent
report describing the inhibition of the enzymes of the
pentose cycle (PC) that produce reduced adenine
dinucleotides necessary for de nove lipogenesis
(Magri et al., 1987).

Recently, GH secretory profiles in broiler pullets
have been categorized (Vasilatos-Younken and
Zarkower, 1987). Briefly, it can be shown in young,
rapidly growing pullets that GH secretory peaks
occur at 90 min intervals. In contrast, as the pullets
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age, the pulsatile secretory pattern is lost and lean
tissue synthesis decreases, followed by a rapid in-
crease in fat synthesis. The secretory pattern noted in
the young pullet can be artificially reproduced in the
older pullet (Vasilatos-Younken et al., 1988). The
result of this regimen is an improvement in feed
efficiency and a decrease in apparent fat synthesis.

The objective of the present study was to decide if
pituitary derived chicken growth hormone (p-cGH),
when administered in an intravenous pulse pattern
calculated to mimic the endogenous pattern of GH
noted in younger chickens, would significantly
alter lipid metabolism in Hubbard x Hubbard broiler
pullets during the 8th week of life. This period
was chosen because of the propensity of broilers to
synthesize fat in preference to protein during this part
of the growth phase.

MATERIALS AND METHODS

Animals and in vivo infusions

Chickens used in this study were Hubbard x Hubbard
pullets hatched and reared at the Pennsylvania State Univer-
sity Poultry Research Facility. Chickens were fed a commer-
cial broiler starter (21% crude protein; 3135 kcal ME/kg
calculated analysis) ad libitum throughout the growth cycle,
except during the 24 hr immediately before surgery as noted.
Chickens were maintained under a 16:8 hr (light: dark) for
the entire experiment. At 53 days of age, birds were prepared
with intravenous (right jugular) catheters under sodium
pentabarbital anesthesia according to previously described
methods (Cravener and Vasilatos-Younken, 1989).

Pituitary-derived chicken growth hormone was purified as
previously described (Cravener et al., 1989). The hormone
was dissolved in a sterile, buffered saline solution (vehicle)
containing 0.025 M NaHCO,; plus 0.025 M Na,CO,, pH 9.4
(Peel et al., 1981), which also served as the control solution
for infusion. Beginning at 8 weeks of age, four birds each
were intravenously infused with either p-cGH or vehicle
in either a pulsatile (70 ul/pulse; 10 min/pulse duration;
80 min/interpulse interval; 16 pulses/24 hr) or continuous
(50 ul/hr) pattern, 24 hr per day for 7 consecutive days. This
entire experiment was replicated twice for a total of 32 birds
(eight birds per hormone x pattern treatment combination).
The concentration of growth hormone solutions was
calculated such that a dosage of 120 ug/kg body weight/day
was administered to all p-cGH infused birds, regardless of
pattern.

Body weights were determined immediately before and at
the termination of infusions for calculation of net body
weight gain. Feed intake was measured daily. Blood samples
were removed from each bird by (brachial) venipuncture
immediately before initiation of infusions and after the
7-day infusion period, during both peak (last one min of a
10-min pulse) and baseline (last one min of an 80 min
inter-peak interval) periods. Sodium citrate was used as an
anticoagulant (5 ul of a 50% solution per 1.0ml whole
blood) and plasma obtained by centrifugation. Sodium
chloride was added to plasma (20 mg/ml plasma) to inhibit
endogenous lipoprotein lipase activity. Following final
blood sampling, each bird was killed by cervical dislocation,
and GH-responsive organs (liver, heart, kidney, pancreas,
spleen, abdominal fat pad, right tibiotarsas and tibiotarsal
ephiphyseal growth plate) rapidly removed, weighed, and
subsamples frozen in liquid nitrogen. Organ and plasma
samples were stored at —70°C until analysed.

In vitro lipogenesis

Livers were excised and washed initially with PBS to
remove blood and debris and then placed in fresh, chilled
PBS. A portion of liver was also frozen in liquid N, and
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stored at —70°C. Pieces of fresh livers were sliced with a
Macllwain tissue chopper (35-75mg) at a setting corre-
sponding to a thickness of 0.3 mm. The explants were placed
in 75 mm Petri dishes containing chilled PBS and randomly
allocated to in vitro treatments. Quadruplicate explants were
incubated at 37° for 2 hr in Hanks’ balanced salts (Hanks
and Wallace, 1949) supplemented with 10 mM HEPES and
10mM [2-“Clsodium acetate (Rosebrough and Steele,
1987).- All incubations were conducted in 3 ml volumes at
37°C under a 95% 0,~5% CO, atmosphere (obtained by
gassing vessels for 30 sec). After the 2 hr period, incubations
were stopped and the [“C]CO, trapped in the buffer was
released by addition of 0.25 ml of 4 N H,SO,, followed by
an additional 1 hr incubation period to allow for [*C]CO,
absorption onto filter papers. Filter papers were removed,
placed in 20 ml of scintillation cocktail, allowed a 24 hr
equilibration period, and counted. Slices were removed from
incubation flasks and extracted for 24 hr in 15ml of a 2:1
mixture of chloroform: methanol in 20 ml glass scintillation
vials. Slices were then discarded and 2 ml of 117mM KCl
added to the chloroform:methanol extracts (Folch et al.,
1957). After vigorous shaking, phase separation was aliowed
and the upper phases discarded. The lower phase was
washed with 5ml of a 3:2 mixture of methanol:117 mM
KCl, shaken and again allowed to separate. The upper
phase was discarded and the lower phase evaporated to
dryness, dispersed in 10ml scintillation cocktail and
counted.

Enzyme assays

Liver tissue was homogenized (1:10 wt/vol) in 100 mM
HEPES (pH 7.5)-3.3 mM mercaptoethanol and centrifuged
(Beckman J2-21, Beckman Instruments, Inc., Palo Alto, CA
94304) at 50,000 g for 60 min. The supernatants were kept
at 0°C until analysed for ME, ICD, GOT and TAT. ME
activity was determined by a modification of the method of
Hsu and Lardy (1969). The reaction contained 50 mM
HEPES (pH7.5), 1 mM NADP, 5mM MnCl, and the
substrate, 2.2 mM L-malate (disodium salt). A 50 ul aliquot
of the 50,000 g supernatant was preincubated for 15 min in
the presence of the first three ingredients. The reaction was
initiated by adding L-malate and following the rate of
reduction of NADP at 340 nm at 25°C. The reaction was
found to proceed linearly for at least 60 min providing that
the reaction contained no more than 100 ug of supernatant
protein.

ICD activity was determined by a modification of the
method of Cleland et al. (1969). The reaction contained
50 mM HEPES (pH 7.5), | mM NADP, 5mM MnCl, and
the substrate, 4.4 mM DL-isocitrate. A 25 ul aliquot of the
50,000 g supernatant was preincubated for 15min in the
presence of the first three ingredients. The reaction was
initiated by adding DL-isocitrate and following the rate of
reduction of NADP at 340 nm at 25°C. The reaction was
found to proceed linearly for at least 60 min providing that
the reaction contained no more than 50 ug of supernatant
protein.

GOT activity was determined by a modification of the
method of Martin and Herbein (1976). The reaction con-
tained S50mM HEPES, 200 mM L-aspartate, 0.2mM
NADH, 1000 units per liter malic dehydrogenase and the
substrate, 15mM a«-ketoglutarate. A 25pul aliquot of
the 50,000 g supernatant was preincubated for 15 min in the
presence of the first four ingredients. The reaction was
initiated by adding a-ketoglutarate and following the rate of
oxidation of NADH at 340 nm at 25°C. The reaction was
found to proceed linearly for at least 30 min providing that
reaction contained no more than 50 ug of supernatant
protein.

TAT activity was determined by the method of Granner
and Tomkins (1970). The reaction contained 0.125M
K,HPO, (pH 7.4), 6 mM L-tyrosine, 10 mM pyridoxal phos-
phate (PLP) and 50 mM a-ketoglutarate. A 200 ul aliquot
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of the supernatant was preincubated at 37°C in the presence
of the first three ingredients. The reaction was then initiated
by adding a-ketoglutarate and allowing the reaction to
proceed for 15-30 min. The reaction was stopped with 10 M
NaOH and the subsequent product, p-hydroxybenzalde-
hyde, was monitored at 331 nm. Enzyme activities are
expressed as umol of product formed/min under the assay
conditions (Rosebrough and Steele, 1985).

Hormone and metabolite assays

Both T, and T, concentrations were estimated with
commercial, solid-phase kits (Immuchem Corp, Carson,
CA). These assays were validated for avian samples
(Rosebrough et al., 1988) by dispersing standards in
charcoal-stripped chicken serums and by noting recovery of
added T, and T, (98%). All hormone assays were conducted
as single batches to minimize intra-assay variation. The
inter-assay coefficients of variation averaged 3.7 and 1.1%
for T, and T, respectively.

Plasma GH concentration was estimated with a homolo-
gous chicken GH radioimmunoassay (RIA) using recombi-
nant (r-) chicken GH (AMGEN, Thousand Oaks, CA;
Lot 001) as a standard and for iodination, and a rabbit
anti-r-chicken GH serum as primary antibody (Vasilatos-
Younken, 1986). Plasma IGF-1 was estimated with a heter-
ologous radioimmunoassay as previously described (Dawe
et al., 1988). 'PI-labeled IGF-I was purchased from
Amersham Corp and purified human sequence IGF-I for
standard was supplied by Bachem, Torrance, CA. Primary
antisera (rabbit anti-human IGF-I) was kindly provided
by Dr Geoff Francis, C.S.L.LR.O., Adelaide, S.A. Plasma
glucose, triglycerides, nonesterified free fatty acids, and
corticosterone were determined with commercially available
kits (Sigma Chemical Bulletin Nos. 16UV and 335-B,
Sigma Chemical Co., St Louis, MO; NEFA-C, Wako Pure
Chemical Industries, Ltd, Osaka, Japan; Cambridge
Medical Diagnostics Inc., Billerica, MA, respectively).

Liver malate was determined by extracting liver according
to Rosebrough er al. (1981) and measuring malate by the
method of Gutman and Wahlefeld (1974). One-gram of liver
was homogenized in 10 ml of 1 M HCIO, and centrifuged at
50,000 g for 15min to provide a protein-free supernatant.
Three-milliliter aliquots of the supernatant were neutralized
with 0.6 ml of 5M K,CO,. Aliquots of the neutralized
extract were incubated at 25°C for 30 min in the presence
of 0.5 M glycine-0.4 M hydrazine (pH 9.0) containing | mM
NAD and 1000 units/! of malic dehydrogenase. The
reduction of NAD was followed at 340 nm and was assumed
to be proportional to that amount of malate present in the
reaction mixture,

Statistical design and analyses

Pre-infusion body weight (PreBW) was used as a covari-
ate in analyses of variance of data according to the
model: Y = PreBW (covariate), experiment replicate (1 or
2), hormone (p-cGH or control), pattern (pulsatile or
continuous), hormone x pattern interaction, replicate x
hormone and replicate x pattern. All main effects and
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interactions were tested against residual error. Where any
replicate x treatment interaction was not significant, that
interaction was dropped from the model and the data
reanalysed using the reduced model. Where any repli-
cate x treatment interaction was significant, that interaction
was used as the error term to test for a significant main effect
(e.g. a significant replicate x hormone interaction was used
as the error term for testing the main effect of hormone).
Percentage data (e.g. organs as a percentage of body weight)
were transformed to arcsin square root before statistical
analysis. All data are expressed as least squares means
(LSM). The genera! linear models procedure (GLM) of SAS
(1982) was used for derivation of transformed data, least
squares means, and mean square components.

RESULTS

An initial series of analyses was conducted to
decide if replication x treatment interactions were
significant. Interactions were not significant for any
of the parameters measured; therefore, all data were
pooled across replications. Also, analyses were con-
ducted to decide significance between means for the
two delivery methods for saline. In nearly all cases,
the method of delivering saline was not significant;
therefore, saline means were pooled to develop a
common control to assess the effects of the two
methods for delivering p-cGH. Data for pulsatile
treatments were considered only if pulse values for
GH were 2 standard deviations above control values.
Average, initial body weights before initiation of
infusions were nearly identical for p-cGH and con-
trols treatments. No measurement of live growth
performance (weight gain, feed intake or efficiency)
was significantly different among treatments after
the 7-day treatment period (Table 1). Both p-cGH
administration methods increased (P < 0.05) kidney
size on a mass and relative size basis (Table 2). Livers
of chickens infused continuously with p-cGH were
larger (P < 0.05) than controls both on an absolute
and relative mass basis (P < 0.05). Neither pulsatile
nor continuous administration of p-cGH changed
muscle weights (pectoralis major and gastrocnemius),
organ sizes (pancreas, heart and pituitary) or bone
growth (epiphyseal growth plate width and length
and weight of the tibiotarsus).

The abdominal fat pad, which is a major source of
carcass fat in poultry and an excellent predictor
of general fatness, was decreased 32% in chickens
administered pulsatile-p-cGH in comparison to con-
trols (Table 3). In contrast, the fat pad was reduced
numerically, but not statistically in chickens given
p-cGH continuously. Pulsatile, but not continuous
administration of p-cGH markedly decreased

Table 1. Effect of 7-d intravenous pulsatile or continuous infusion of pituitary-derived chicken growth
hormone (p-cGH) or buffered saline (control) on growth of broiler pullets*

Parameter p-cGH-pulsatile p-cGH-continuous Saline

Initial body weight (g) 2429.0 +76.2t 2429.0 + 76.7t 2424.0 + 46.9t
7-d weight gain (g) 268.3 + 72.3% 306.8 + 80.9% 369.4 + 31.7+
7-d feed intake (g) 1167.0 + 80.0t 1280.0 + 89.0% 1246.0 + 41.04
Feed efficiency 0.21 + 0.05% 0.23 £ 0.06t 0.29 + 0.03%

(gain/g feed consumed)

*Eight-week-old female broiler chickens were intravenously infused with either p-cGH or vehicle in either
a pulsatile (70 ul/pulse; 10 min/pulse duration; 80 min/interpulse interval; 16 pulses/24 hr) or continuous
(50 ul/hr) pattern, 24 hr per day for 7 consecutive days. Least squares means (LSM) 1 standard error
of LSM. n =9 continuous/control; 4 continuous/p-cGH; 10 pulsatile/control; 5 pulsatile/p-cGH.
tMeans within a row without common superscripts differ (P < 0.05) as determined by a -test.
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Table 2. Effect of 7-d intravenous pulsatile or continuous infusion of pituitary-derived chicken growth
hormone (p-cGH) or buffered saline (control) on skeletal and organ parameters of broiler pullets*

Parameter p-cGH-pulsatile p-cGH-continuous Saline
Pectoralis major

Weight (g) 377.3 + 28.5% 364.5 + 31.8¢ 411.2 +£9.9¢

% final live weight 13.8 + 0.5t 13.2 + 0.6% 14.6 + 0.3t
Right gastrocnemius

Weight (g) 10.7 £ 0.7¢ 10.5 + 0.8t 11.5 + 0.3t

% final live weight x 10 39+0.2t 3.8+0.2t 4.1 +0.1¢
Heart

Weight (g) 11.7+ 0.9t 11.1 + 0.9 10.4 + 0.3t

% final live weight x 10 4.3+ 0.3t 4.1 + 0.4t 38+0.1¢
Kidney

Weight (g) 239+ 1.1% 25.5+ 1.2 19.8 + 0.41

% final live weight x 10 8.7+ 03t 9.4 + 041 7.1+0.2¢
Liver

Weight (g) 68.7 +4.111 76.9 + 4.61 60.7 £ 2.1t

% final live weight 2.6 +0.113 2.8+0.2¢ 2.1+0.17
Pancreas (g) 5.1+ 0.5t 59 + 0.5t 54+ 0.2¢%
Pituitary (mg) 7.1 £0.5¢ 7.9 + 0.6} 7.5+ 041
Epiphyseal growth plate

Width (mm) 1.1 +0.1t 09 +0.11 1.0+0.1%
Right tibiotarsus

Length (mm) 134.1 £ 1.9¢ 1355 + 2.1 137.0 £ 0.9

Weight (g) 23.7+ 1.3 25.9 + 1.4% 22.9 + 0.4t

*Eight-week-old female broiler chickens were intravenously infused with either p-cGH or vehicle in either
a pulsatile (70 u1/pulse; 10 min/pulse diiration; 80 min/interpulse interval; 16 pulses/24 hr) or continuous
(50 p1/hr) pattern, 24 hr per day for 7 consecutive days. Least squares means (LSM) + standard error
of LSM. n =9 continuous/control; 4 continuous/p-cGH; 10 pulsatile/control; 5 pulsatile/p-cGH.

+}Means within a row without common superscripts differ (P < 0.05) as determined by a z-test.

(P < 0.05) in vitro lipogenesis compared to control.
The lipogenic rates in both controls and continuously
infused chickens were nearly identical. These trends
were noted when data were expressed per unit of liver
weight and per 100 g body weight. Carbon dioxide
production was decreased (P < 0.05) by pulsatile, but
not continuous p-cGH administration.

Liver malate, which is a major source of reducing
potential for de novo lipogenesis, was decreased
(P <0.05) whereas ICD was increased (P < 0.05)
by pulsatile, but not continuous administration of
p-cGH, when compared to saline controls (Table 4).
Malic enzyme activity was increased (P < 0.05) by
pulsatile administration of p-cGH compared to a
continuous administration of p-cGH and to saline
controls. Tyrosine amino transferase activity was
increased (P < 0.05) by a continuous administration
of p-cGH compared to pulsatile administration of
p-cGH or to the saline controls.

Except for plasma NEFA, all pre-infusion metab-
olite concentrations did not differ between treatment
groups (data not shown). Pulsatile p-cGH adminis-
tration had significant effects on plasma hormone
concentrations (Table §). On the final day of infu-
sions, CGH concentrations were higher (P < 0.05)
for chickens infused with p-cGH than for controls.
Plasma GH was much higher after the pulse period
than at basal levels, confirming the adequacy of our
protocol for inducing pulsatile changes in cGH.
Plasma immunoreactive IGF-I was slightly lower
(P < 0.05) in controls than in chickens continuously
infused with p-cGH and not different from both the
basal and pulse period of the chickens given p-cGH
in a pulsatile manner. Plasma concentrations of T,
and triglycerides were decreased (P <0.05) by a
pulsatile but not a constant infusion of p-cGH
whereas corticosterone was markedly increased by
continuous p-cGH (P < 0.05). Plasma T, and GH

Table 3. Effect of 7-d intravenous pulsatile or continuous infusion of pituitary-derived chicken growth
hormone (p-cGH) or buffered saline (control) on abdominal fat pad development and in vitro lipogenesis
of female broiler pullets*}

Parameter p-cGH-pulsatile p-cGH-continuous Saline
Abdominal fat pad
Weight (g) 45.1+4.7¢ 60.1 +£9.21§ 66.8 + 4.6§
% final body weight 1.67 £ 0.15% 2.24 +0.43§ 2.37 +0.15§
In vitro metabolism
Lipogenesis
nmol/100 mg liver 140.7 + 39.0% 728.9 + 174.1§ 752.0 + 84.2§
umol/100 g body weight 344091 19.5 +4.6§ 16.2 + 1.9§
CO, production
nmol/100 mg liver 2342 +57.3% 491.6 + 21.5§ 409.9 +43.9§
umol/100 g body weight 5.8+1.3% 13.9 + 1.4§ 8.7+ 09§

*Eight-week-old female broiler chickens were intravenously infused with either p-cGH or vehicle in either
a pulsatile (70 ul/pulse; 10 min/pulse duration; 80 min/interpulse interval; 16 pulses/24 hr) or continuous
(50 u1/hr) pattern, 24 hr per day for 7 consecutive days. Least squares means (LSM) + standard error
of LSM. n =9 continuous/control; 4 continuous/p-cGH; 10 pulsatile/control; 5 pulsatile/p-cGH.

tIn vitro lipogenesis and CO, were determined by culturing liver explants for 2 hr in the presence of 10 mM
[2-"*C]sodium acetate and by noting incorporation of acetate into hepatic lipids or CO,. Both processes
are noted as nmol of acetate incorporated/100 mg of liver or xmol/100 g body weight.

$§Means within a row without common superscripts differ (P < 0.05) as determined by a ¢-test.
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Table 4. Effect of 7-d intravenous pulsatile or continuous infusion of pituitary-derived chicken growth
hormone (p-cGH) or buffered saline (control) on hepatic malate levels and enzyme activities of broiler

pullets*+

Parameter p-cGH-pulsatile p-cGH-continuous Saline
Malate

nmol/g liver 2.9+ 0.4% 5.8 104§ 5.0+0.2§

T

units/g liver 70.1 +9.3% 97.8 +£ 10.7§ 62.4 +3.71

units/100 g body weight 174.4 +18.3} 242.8 +8.1§ 134.8 +8.5¢
ICD

units/g liver 42,7+ 8.4§ 37.9 + 7.93§ 30.4 + 3.4%

units/100 g body weight 108.3 + 16.4§ 102.2 + 18.7¢ 66.2 +7.7¢
ME

units/g liver 11.4 +2.4§ 4.8 + 1.0} 4.9+0.5¢

units/100 g body weight 28.8 +5.1§ 130+ 2.1% 109 + 1.3}
TAT

units/g liver 3.5+0.1¢% 4.7 +0.4§ 3.6+021

units/100 g body weight 9.1 +0.5¢ 13.3 + 1.5§ 7.8+0.5%

*Eight-week-old female broiler chickens were intravenously infused with either p-cGH or vehicle in either
a pulsatile (70 u1/pulse; 10 min/pulse duration; 80 min/interpulse interval; 16 pulses/24 hr) or continuous
(50 ul/hr) pattern, 24 hr per day for 7 consecutive days. Least squares means (LSM) + standard error
of LSM. n =9 continuous/control; 4 continuous/p-cGH; 10 pulsatile/control; 5 pulsatile/p-cGH.

tGOT = glutamic oxaloacetic aminotransferase (EC 2.6.1.1); ICD (NADP) = isocitrate dehydrogenase
(NADP) (EC 1.1.1.42); ME = malic enzyme (EC 1.1.1.40); TAT = tyrosinc amino transferase (EC
2.6.1.5). Activities are expressed as gmol of reduced or oxidized NADP(H) or product formed per minute
under standard assay conditions.

$§Means within a row without common superscripts differ (P < 0.05) as determined by a ¢-test.

were increased (P < 0.05) by pulsatile p-cGH com-
pared to both a continuous infusion of p-cGH and
the saline controls. Plasma NEFA concentrations
were highly variable among individual animals
before the experimental treatment administration
(range = 103.9 to 800.6 uEq/l), therefore, post-infu-
sion data were expressed as percentage change from
pre-infusion concentrations for each individual
animal, and percentage change data then averaged
across animals, within treatment groups. Peak values
for the change due to pulsatile infused p-cGH were
greater than the change noted in the continuously
infused birds. Continuous infusion of p-cGH
depressed NEFA that contrasted to the increase
noted in the pulsatile group. Plasma glucose was not
significantly different among treatments.

DISCUSSION

The length of treatment used in the present exper-
iment was chosen so that changes in parameters of
lipid metabolism would be expressed before the

changes in growth (e.g. skeletal) that have been
previously noted (Vasilatos-Younken er al., 1988).
It is possible that long-term treatment protocols
may produce changes in metabolic parameters that
are secondary to changes in gross morphology. In
addition, it has also been noted that voluntary feed
intake is depressed in chickens treated with p-cGH
for periods longer than 1 week (Vasilatos-Younken et
al., 1988). The results of the present study confirm
that the pattern of p-cGH delivery determines
whether the hormone will affect lipid metabolism like
growth and body composition. It has been previously
shown that a continuous delivery of p-cGH to the
chicken did not enhance skeletal development or
suppress adipose tissue synthesis (Vasilatos-Younken
et al., 1988). In this context, it is interesting
to examine several recent studies that suggest
that p-cGH has small or no effect on growth of
chickens. A recent study showed that daily sub-
cutaneous injections of p-cGH for 11 days did not
increase heat production of chickens (Cogburn et al.,
1989a). Also, this group found, surprisingly, that

Table 5. Effect of 7-d intravenous pulsatile or continuous infusion of pituitary-derived chicken growth hormone (p-cGH) or
buffered saline (control) on plasma hormones and metabolites of broiler pullets*t

p-cGH-pulsatile

Parameter Peak Baseline p-cGH-continuous Saline
GH (ng/ml) 46.4 + 4.01 1.6 + 0.6§ 14.7 + 0.64 1.7+ 1.19
IGF-1 (ng/ml) 18.2 + 1.48Y 18.4 + 1.449 20.2 +1.49 16.2 + 1.0§
T, 3.6 +0.3% 32+0.39t 2.6 +0.39 1.7+ 0.2§
T, 42+ 1.3§ 4.1+0.9§ 7.4 +1.39 9.54+0.79
Corticosterone (ng/ml) 3.7+2.4§ 6.5+3.2§ 21.3 +3.89 6.4 +2.4§
NEFA (% change from 22.5 + 14.5§ 39.3 +24.4§ —28.2 + 26.8§ 9.7 + 154§
preinfusing concentrations)

Glucose (mg/100 ml) 230.0 + 13.3§ 217.0 +12.7§ 238.0 £ 14.6§ 226.0 + 10.1§
Triglycerides (mg/100 ml) 31.7 +4.3§ 48.7 + 5.8 51.2 £ 4.6 54.8 +£3.29

*Eight-week-old female broiler chickens were intravenously infused with either p-cGH or vehicle in either a pulsatile (70 ul/pulse;
10 min/pulse duration; 80 min/interpulse interval; 16 pulses/24 hr) or continuous (50 ul/hr) pattern, 24 hr per day for 7
consecutive days. Least squares means (LSM) + standard error of LSM. n = 9 continuous/control; 4 continuous/p-cGH; 10

pulsatile/control; 5 pulsatile/p-cGH.

tGH = growth hormone; IGF-I = insuline-like growth factor I; T, = triiodothyronine; T, = thyroxine; NEFA = non-esterified

fatty acids. Plasma NEFA concentrations before initiation

of infusions differed significantly between treatment groups,

therefore, post-infusion concentrations are expressed relative to pre-infusion concentrations within treatments.
1§%Means within an infusion pattern without common superscripts differ between GH and control treatments (P < 0.05) as

determined by a ¢-test.



212

daily subcutaneous injections of 100-200 ug of
p-cGH significantly increased body fat of chickens.
Scanes (1987) took a different approach in attempting
to improve growth of hypophysectomized chickens
with chicken p-cGH, but did not succeed with their
therapy program. Leung et al. (1986) found that
intravenously administered p-cGH caused a transient
improvement in chicken growth. In contrast, p-cGH
did not influence the growth of layer strain chickens
when administered subcutaneously (Scanes er al.,
1986).

In attempting to reconcile the discordant responses
to exogenously administered cGH in chickens
observed among studies, and perhaps even build a
model for GH action from the sum all such work,
some necessary distinctions must be recognized.
Given the pulsatility of endogenous circulating GH in
poultry, chronic exposure to GH might be defined
as an elevation in circulating GH concentration
(above baseline) of greater than one pulse interval
(approximately 90 min). Administration regimens
involving subcutaneous injection of the hormone
clearly elevate plasma GH well beyond such dur-
ations (Cogburn et al., 1989b; Burke et al.,, 1987).
Delineation of studies into categories of chronic
(subcutaneous injection; continuous intravenous
infusion) vs acute (intravenous injection or pulsatile
intravenous infusion) exposure begin to suggest
a scheme by which the apparent actions of GH,
particularly in terms of lipid metabolism and carcass
fat deposition, might be reconciled. Such a scheme
involves assessment of alterations in metabolic
regulatory hormones in response to chronic vs acute
exposure.

Chronic GH significantly circulating cortico-
sterone (present work) and insulin concentrations
(Vasilatos-Younken et al., 1988; Burke et al., 1987);
or numerically but not significantly elevated insulin
and decreased insulin/glucagon ratios (Cogburn
et al., 1989), whereas acute GH did not (Burke et al.,
1987; present work). Corticosterone administration
markedly increases carcass fat deposition (Gross
et al., 1980; Davison et al., 1983) and in vitro lipo-
genesis (Kafri er al., 1988) in pituitary-intact chick-
ens. Insulin is necessary for maintenance of high rates
of lipogenesis by hepatocytes from fed chickens in
culture (Tarlow et al., 1977), and prolonged exposure
to glucocorticoids potentiates insulin-dependent hep-
atic lipogenesis and increases plasma insulin in the rat
(Amatruda et al., 1983). Responses in fat deposition
and lipid metabolism with acute vs chronic GH are
equally divergent. Acute GH reduced abdominal fat
pad size, carcass fat content and hepatic lipogenesis
(Vasilatos-Younken, 1988; present work), whereas
chronic GH generally lacked significant effect
(Cravener et al., 1989, Cogburn et al., 1989a) or
increased carcass fat (Cogburn et al.,, 1989b; Burke
et al., 1987). Consistent with the divergent responses
in (1) fat deposition/lipid metabolism and; (2) profiles
of corticosterone and insulin with chronic vs acute
GH, is the observation that GH alone lacked effect,
but GH plus corticosterone greatly increased
abdominal fat pad weight in hypophysectomized
chickens (King and Scanes, 1986).

Another facet of this scheme may involve relative
responses in thyroid hormones to acute vs chronic
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GH administration. Acute GH increases circulating
T, concentrations (Vasilatos-Younken et al., 1988),
whereas chronic GH depresses T, (Marsh er al.,
1984); lacks no effect (Vasilatos-Younken et al.,
1988); or increases concentrations but to a much
lesser degree than acute exposure (present data).
Chronic GH plus supplemental T, markedly reduced
carcass fat (beyond T, alone) (Cogburn et al., 1989b)
and acute GH plus supplemental T, eliminated in
vitro hepatic lipogenesis (Rosebrough and Vasilatos-
Younken, unpublished data).

While the mechanisms of action of p-cGH are not
fully understood, it is known that this hormone
directly influences metabolism in some cells and
operates through insulin-like growth factors (IGF I
and II). Although there is much information avail-
able concerning biochemical aspects of these polypep-
tide hormones, there is an absence of information
regarding their functions in rapidly growing chickens.
The direct influence of p-cGH on lipid metabolism in
adipose tissue in vitro has been extensively studied
in the rat (Goodman, 1983, 1984; Grichting and
Goodman, 1986) and in the pig (Chung et al., 1985;
Chung and Goodman, 1986; Etherton et al., 1987).
These studies have shown that p-cGH inhibits lipo-
genesis and stimulates lipolysis; observations that
may provide a partial explanation for the reduction
in body fat in GH-treated mammals. Even in these
animals, it should be emphasized that the observed
reductions in body fat cannot be totally explained by
GH therapy and suggest a need for investigation of
other regulatory mechanisms. For example, it has
been sugested that normal circulating levels of GH
are sufficient to attain maximal GH effects in adipose
tissue (Goodman and Grichting, 1983; Goodman et
al., 1986). It appears that in vitro effects also may
require glucocorticoids as permissive agonists. The
latter observation can be supported by examining
long-term culture systems that use swine adipose
tissue to determine the role of GH in the regulation
of de novo lipogenesis (Walton and Etherton, 1986;
Walton et al., 1986).

The reduction in plasma T, in the current study
seems to support the hypothesis of an increase in
peripheral conversion of thyroxine to triiodothy-
ronine in chickens administered p-cGH in a pulsatile
manner. Previous research showed that liver 5'-
monodeiodinase activity was increased by p-cGH
(Kuhn et al., 1987). Certainly, the levels of T, noted
in chickens administered pulsatile p-cGH suggest an
enhanced conversion of T, to T;. It is uncertain now
if liver 5’-monodeiodinase catalyzes a rate-limiting
reaction or if enzyme activity reflects an increase in
the demand for thyroid hormones in other tissues or
to a change in T, turnover. Scanes et al. (1982) and
May and Marks (1983) measured the thyroid hor-
mones in both dwarf and normal chickens and found
elevated T, levels in dwarfs and hypothesized changes
in peripheral conversion modulated by GH. Both
groups indicated that the conversion of T, to T,
was deficient in dwarf strains of chickens, which
are animals with known perturbations in GH
metabolism.

The observation of increased ME activity in chick-
ens administered p-cGH in a pulsatile fashion may
suggest some effects attributed to p-cGH are results
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of increases in thyroid metabolism. Initial work
by Oppenheimer et al. (1978) showed a positive
correlation between T, level and hormone action at
the cellular level. According to their hypothesis, a
decrease in either tissue binding or circulating levels
of T; would decrease ME activity. Stewart er al.
(1984) reported depressed T, levels in dwarf chickens
and speculated that this depression was in some way
related to ME activity. The apparent dichotomy
noted in ME activity in the present study presents a
challenge in determining roles of enzymes thought to
be synonymous with lipogenesis. In the present study,
pulsatile administration of p-cGH depressed both
lipogenesis and a representative site of fat deposition,
the abdominal fat pad. In the process of this decrease,
ME activity was increased. We are unaware of any
studies concerning dietary factors and lipogenesis
in broiler chickens that do not show a positive
relationship between ME activity and de novo lipoge-
nesis. Also, in our hands, most dietary regimens
that decrease lipogenesis such as high-protein diets
and fasting increase the activities of TAT, GOT
and ICD that suggest an increase in protein
catabolism. Such was not so in the present study. On
the other hand, p-cGH did decrease liver malate that
may be a source of NADPH for de novo fatty acid
synthesis.

In summary, our study shows that a pulsatile,
intravenous pattern of hormone delivery chosen to
mimic the endogenous pattern of GH in young,
rapidly growing chickens will decrease de novo
lipogenesis. Also, this decrease in lipogenesis is
accompanied by a decrease in abdominal fat pad
weight. These changes in lipid metabolism appear to
precede earlier noted changes in skeletal morphology.

A pattern emerges in which chronic GH adminis-
tration is associated with enhanced corticosterone
and insulin status and depressed or modestly
increased T,. These patterns are with either no signifi-
cant effect on net carcass fat deposition and hepatic
lipogenesis, or increased carcass fat. In contrast,
acute GH is associated with no increase in cortico-
sterone or insulin, and marked elevations in circulat-
ing T, concentrations, with reduced carcass fat
deposition and in vitro hepatic lipogenesis. With the
additional observation that GH stimulates adipose
tissue lipolysis (Campbell and Scanes, 1985), these
data collectively suggest a biological effect for GH in
the chicken of reducing net adipose tissue deposition
via reduced hepatic lipogenesis and (possibly) en-
hanced adipose tissue lipolysis, but, chronic exposure
to the hormone may result in alterations in other
metabolic regulatory hormones known to influence
adipogenesis.
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